The structure depends on the mechanism of hydrolyse and polycondensation in the case sol-gel process used to obtain hybrid polymers containing uniquely covalent bonds. We computed by a tight binding calculation taking into account hybridization, the total electronic energy of different structures (amorphous, fractal and linear) of (Si − (CH 3 ) 2 ) n − (OSiO) p (OH) q . We found that the total electronic energy of the amorphous structure was the smallest as a function of the number of atoms contained by the structure. As the total electronic energy is linked to the toughness of the structure, we may say that the structure of such hybrid polymer has the highest toughness for the amorphous structure.
I. INTRODUCTION
Hybrid materials may be classified into two families. The class I family corresponds to hybrid materials where the organic part is embedded in an inorganic network. The interactions between the mineral and the organic parts are weak essentially Van der Waals, hydrogen bonds and electrostatic interactions [1] . The class II corresponds to the existence of chemical bonds (covalent or ionic-covalent) between the organic and the mineral part of the network [1] . The synthesis of class II hybrid polymers has been initiated simultaneously by the sol gel scientists and the polymer scientists.
The sol gel process is a method to obtain hybrid polymers: one would have to incorporate to the sol inorganic precursors and organic compounds with functionalities which can be plugged to the inorganic part of the gel. This may lead to hybrid nanomaterials [2] .
We deal here with class II hybrid polymers containing the species: Si, C, O and H. This type of polymers may be obtained by the sol gel process. In this particular type of polymers containing only covalent bonds it is possible to use a tight binding approach to compute the total electronic energy.
Our tight binding method has been modified in order to take into account hybridization i.e. the σ and the π valence electrons which enter a covalent bond. The tight binding method depends only on the connectivity of the atoms which enter a structure and not on the real distribution of the atoms in space. But the calculation of the total electronic energy allows one to compare the tenacity of different structures like amorphous, fractal and linear molecules.
II. TIGHT BINDING APPROACH
Let us remind that this is a one electron model, each electron moves in a mean potential V (r) which represents both the nuclei attraction and the repulsion of other electrons. σ and π electrons are separately treated :
If the molecular orbital σ is given by:
and the energy origin taken at the vacuum level, the Hamiltonian can be written as, in the case of sp 3 hybridization:
(i and i ′ are first neighbours) where E m is the average energy:
and E p are the atomic level energies,β σ is the usual hopping or resonance integral in Hückel theory (interaction between nearest neighbour atoms along the bond), ∆ s is a promotion integral (transfer between hybrid orbitals on the same site) :
The Hamiltonian of the π bonds is given by:
with |i > the π orbital centered on atom i,and β π the hopping integral for π levels.
We need only 3 parameters:β σ ,β π , and ∆ σ for the homonuclear model which represent in fact the average potential V (r) and which take into account the nuclear attraction and the dielectronic interactions [3] . But due to the fact that we only take into account on average the nuclear and dielectronic interactions, we can only compare clusters with the same number of atoms.
The numerical values of the parameters are given in table 1.
III. RESULTS
In figure 1 , one may see the typical structure that we used for the tight binding calculation in the case of an amorphous hybrid polymer. The picture shows a planar molecule but this may be folded and the angles between different atoms may not be equal to 90 o and the length of the bonds may be changed depending on the type of atoms [4, 5, 6, 7] . Thus it represents an amorphous structure.
Figure 2 exhibits a fractal structure of the same type of hybrid polymer. We chose the fractal structure having a Cayley tree type. Once again, we can say that the angles between atoms linked to the same neighbour are not generally equal to 90 o . Our tight binding method uses only the connectivity and the type of atoms to calculate the total electronic energy.
Finally, figure 3 shows a linear molecule containing the same atoms as the two previous molecules. In the bulk, i.e. where several different linear molecules are mixed together, this type of molecules are not straight but may be bended.
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Our tight binding calculations which takes into account hybridization allows one to compute the total electronic energy for each of the three preceding configurations. This is reported in figure 4 a and b. Figure 4a is the total electronic energy as a function of the number of atoms in the three cases (amorphous, fractal and linear molecules). Figure 4b is also the total electronic energy as a function of the number of valence electrons for each type of molecules.
In figure 4a , we made a linear regression in order to obtain the slope of the evolution of the total electronic energy. For the amorphous molecule, the linear regression gives the following result:
where E is the total electronic energy and N at is the number of atoms (even of different types). In the case of the fractal molecules, we obtain:
and in the case of the linear molecules, we obtain:
All numbers are given in eV .
In figure 4b , which is the total electronic energy as a function of the number of valence electrons (i.e. two times the number of valence bonds), we made also a linear regression:
the slope that we obtained was the same for the three type of molecules i.e. 21.5 ± 0.4eV within the error bars of the computation.
IV. DISCUSSION
In the view of the slope given by figure 4b, i.e. the total electronic energy as a function of the number of valence electrons, the total electronic energy does not depend on the number of valence electrons (i.e. the number of valence bonds multiplied by two) as its evolution is the same for all types of molecules. So, for the same total number of atoms, even if the number of atoms of the same type differs for the three different molecules that we consider, we can compare the total electronic energy as a function of the total number of atoms for a given number of atoms.
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Let us analyze equations (4), (5) and (6) . For 100 atoms of different types, the total electronic energy is the largest for the fractal structure followed by the linear structure. The amorphous molecules is the less stable. But as we deal with macroscopic materials, we may extrapolate equations (4), (5) and (6) So two cases may appear: first a fractal structure of the hybrid polymer with fractal domains not overcoming 100 atoms, and which would be more stable than the amorphous structure and that the linear one. But a fractal domain of 100 atoms is too small to be taken into account. Finally we may say that the amorphous structure is the most stable followed by the linear one. The linear structure induces that the linear molecules are mixed up like a plate of spaghetti. The fractal structure may exist for less than 100 atoms then it will be replaced by an amorphous one.
Let us remark, that our tight binding approximation deals only with connectivity, so even if we have a fractal, linear and amorphous connectivity, the resulting real structure may be only amorphous for all three structures. Indeed, we did not take into account nor the length of the bonds neither the angle between three atoms.
V. CONCLUSION
We modelled the molecules contained in a hybrid compound such as 
